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PREFACE 

1
i 
? 

T h i s  documen is one i n  a se r ies  t h a t  c o l l e c t i v e .  
describes t h e  o p e r a t i o n  and r e s u l t s  of t h e  Nat iona l  Human Adipo: 
T i s s u e  Survey  (NHATS) e Each document p r o v i d e s  -.the'- comple 
d e t a i l s  f o r  a p a r t i c u l a r  aspect of t h e  NHATS program. T h i s  repoi 
presents t h e  resu l t s  of a s t a t i s t i c a l  a n a l y s i s  o'f b a s e l i n e  l e v e .  
and  t i m e  t r e n d s  fo r  s e v e r a l  t o x i c  compounds. The analys  
addresses t h e  three compounds: Beta-benzene h e x a c h l o r i d e  (6-BHC 
hexach lo robenzene  (HCB), and p o l y c h l o r i n a t e d  b i p h e n y l s  (PCBs)  ai 
i s  based on d a t a  cdllected t h r o u g h  f i s ca l  y e a r  1983. 

O t h e r  documents  i n  t h e  NHATS s e r i e s  describe tl 
s t a t i s t i c a l  s u r v e y  d e s i g n ,  t h e  chemical a n a l y s i s  and ( 

t e c h n i q u e s ,  and o t h e r  s t a t i s t i c a l  a n a l y s e s  and s p e c i a l  s t u d i c  
re la ted to NHATS. (See t h e  l i s t  of  documents  on t h e  n e x t  page.) 

References t o  t h e  s e r i e s  p r o v i d e  i n t e r e s t e d  i n d i v i d u a .  
comple t e  i n f o r m a t i o n  c o n c e r n i n g  t h e  NHATS program. Each documer 
i n  t h e  se r ies  is b e i n g  m a i n t a i n e d  and updated  as m o d i f i c a t i o n s  
t h e  NHATS program requires it .  A d d i t i o n a l  documents w i l l  

added a s  s p e c i a l  a n a l y s e s  o r  s t u d i e s  a re  conduc ted .  
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EXECUTIVE SUMMARY 


I The N a t i o n a l  Human Adipose T i s s u e  Survey (NHATS).is a 

t a n n u a l  program t o  c o l l e c t  and  c h e m i c a l l y  a n a l y z e  a n a t i o n w i d  
L sample  of a d i p o s e  tissue spec imens  f o r  t h e  presence- .of  3 p e c i f i e  

t o x i c  compounds. The o b j e c t i v e  of t h e  program is t o  detect  a n  
q u a n t i f y  t h e  p r e v a l e n c e s  of t o x i c  compounds i n  t h e  g e n e r a  
p o p u l a t i o n .  The spec imens  a r e  c o l l e c t e d  from a u t o p s i e d  c a d a v e r  
and s u r g i c a l  p a t i e n t s  a c c o r d i n g  t o  a s t a t i s t i c a l  s u r v e y  d e s i g n  
The su rvey  d e s i g n  ensures t h a t  s p e c i f i e d  g e o g r a p h i c a l  r e g i o n s  a n  
demographic  categories are a p p r o p r i a t e l y  r e p r e s e n t e d  t o  permi  
v a l i d  and p r e c i s e  e s t i m a t e s  o f  b a s e l i n e  l e v e l s ,  t i m e  t r e n d s  a n  
c o m p a r i s o n s  across s u b p o p u l a t i o n s .  The NHATS d a t a  are used t 
a d d r e s s  p a r t  o f  OTS's mandate under T$ZA t o  assess chemica 
e x p o s u r e  r isk and e n v i r o n m e n t a l  b u r d e n  t o  t h e  U . S .  p o p u l a t i o n  
Since NHATS i n v o l v e s  human m o n i t o r i n g ,  i t  p r o v i d e s  direc 
e v i d e n c e  o f  e x p o s u r e  of t h e  t o x i c  chemicals t o  humans. 

I n  order t o  o b t a i n  f u l l  use of t h e  NHATS program 
s t a t i s t i c a l  a n a l y s e s  are p e r i o d i c a l l y  conducted  on t h e  c o l l e c t e  
data .  T h i s  r e p o r t  p r e s e n t s  t h e  a n a l y s i s  r e su l t s  f o r  t h e  compound 
be ta -benzene  h e x a c h l o r i d e  ( B-BHC) , hexach lo robenzene  (HCB), a n  
p o l y c h l o r i n a t e d  b i p h e n y l s  ( P C B s ) .  These  compounds were selecte 
f o r  t h i s  s t u d y  d u e  to t h e i r  p r e v a l e n c e  and t o x i c i t y  and t h e i  
i n d u s t r i a l  uses which p u t  them under  t h e  j u r i s d i c t i o n  of TSCA 
The a n a l y s e s  i n v o l v e  d a t a  c o l l e c t e d  th rough  f i s c a l  y e a r  1 9 8 3  
w i t h  t h e  r e s u l t s  f o r  1981  and  1983 be ing  o f  p a r t i c u l a r  interes 
since t h e y  are based  on a d d i t i o n a l  d a t a  c o l l e c t e d  s i n c e  t h e  l a s  
s t a t i s t i c a l  a n a l y s i s .  
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T h e  major f i n d i n g s  of t h e  a n a l y s i s  are as  f o l l o w s :  

B-BHC 


0 	 The e s t ima ted  1983 n a t i o n a l  median* l e v e l  
i s  0.08 ppm compared t o  an h i s t o r i c * *  w

l e v e l  of 0.14 ppm. 

0 The median l e v e l s  tend  t o  i n c r e a s e  w i t h  

0 

0 

0 


age b u t  do n o t  d i f f e r - a c r o s s  s e x e s  o r  race 
groups .  

The Sou th  C e n s u s  Region has a h i g h e r
m e d i a n  l e v e l  t h a n  any of t h e  o t h e r  
r e g i o n s .  

The med ian  l e v e l  h a s  been s t e a d i l y
d e c r e a s i n g  o v e r  time b u t  t h e  p e r c e n t a g e  o f  
t h e  p o p u l a t i o n  hav ing  a t  l e a s t  a 
detec tab le  l e v e l  h a s  remained n e a r  1 0 0  
p e r c e n t  . 

The e s t i m a t e d  1983 n a t i o n a l  
is 0 .031  ppm compared t o  a n  
o f  0.037 ppm. 

The l e v e l s  do  not  d i f f e r  
a c r o s s  t h e  age,  s e x  and race 

The West Census  Region h a s  a 
l e v e l  t h a n  any o f  t h e  o ther  r e g i o n s .  

median l e v e l  
h i s t o r i c  l e v e l  

s i g n i f i c a n t l y  
g roups ,  

median 

0 

0 

0 

h i g h e r  

Median l e v e l s  have remained r e l a t i v e l y  t h e  
same over t h e  p a s t  t e n  y e a r s  w i t h  t h e  
e x c e p t i o n  o f  a modes t  estimated d rop  o f  
a b o u t  0.01 ppm i n  1983. The p e r c e n t a g e  of 
t h e  p o p u l a t i o n  hav ing  a t  l ea s t  a 
d e t e c t a b l e  l eve l  of HCB h a s  remained n e a r  
100  percent. 

* Median l e v e l  refers  t o  t h a t  va lue  f o r  which h a l f  t h e  
p o p u l a t i o n  have residue l e v e l s  e x c e e d i n g  t h i s  v a l u e  and half 
have  r e s i d u e  l e v e l s  below it .  

** H i s t o r i c  l e v e l  r e f e r s  t o  t h e  median level .  computed u s i n g  da t a  
for a l l  y e a r s  f o r  which NHATS d a t a  are a v a i l a b l e .  

1 .  . 
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PCBs-
* 

0 The  1983 estimated p e r c e n t a g e  of t h e  
p o p u l a t i o n  hav ing  a PCB l e v e l  e x c e e d i n g  1 
ppm is 5 . 5  p e r c e n t  compared t o  a n  h i s t o r i c  
l e v e l  o f  28.9 p e r c e n t .  

0 	 The p e r c e n t a g e  having  a PCB l e v e l  
e x c e e d i n g  1 ppm increases w i t h  age. Males 
have a h i g h e r  p e r c e n t a g e  e x c e e d i n g  1 ppm
t h a n  females. No s i g n i f i c a n t  race 
d i f fercnce ex  ists, 

0 	 The Northeast  Census  Region h i s t o r i c a l l y
had t h e  g rea t e s t  p e r c e n t a g e  e x c e e d i n g  1 
ppm but t h e  difference has d i s a p p e a r e d  i n  
r e c e n t  y e a r s .  

The p e r c e n t a g e  of t h e  p o p u l a t i o n  h a v i n g
PCB l e v e l s  e x c e e d i n g  1 ppm is s t e a d i l y
d e c r e a s i n g  o v e r  time; however,  t h e  
p e r c e n t a g e  hav ing  a t  l e a s t  a detec tab le  
l e v e l  h a s  increased t o  n e a r l y  1 0 0  p e r c e n t .  

008009 
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The N a t i o n a l  Human Ad,ipose T i s s u e  Survey (NHATS) is oner 


of t h e  m a i n  programs o f  t h e  Nat iona l  Human Moni to r ing  Program 
("MP). NRMP is  an ongo ing  c h e m i c a l  m o n i t o r i n g  network d e s i g n e d  . 

t o  f u l f i l l  t h e  human and e n v i r o n m e n t a l  mon' i tor ing mandates of t h e  
T o x i c  S u b s t a n c e s  C o n t r o l  A c t  (TSCA). The "Mp was f i r s t  

e s t a b l i s h e d  by t h e  U . S .  P u b l i c  H e a l t h  S e r v i c e  i n  1967,  a n d - w a s  
s u b s e q u e n t l y  t r a n s f e r r e d  t o  EPA i n  1970. During 1979 t h e  program 
was t r a n s f e r r e d  w i t h i n  EPA t o  t h e  Exposure E v a l u a t i o n  D i v i s i o n  of 
the O f f i c e  of Tox ic  Subs tances  (OTS). 

T h e  data  f o r  t h e  N a t i o n a l  Human Adipose T i s s u e  Survey 
are  g e n e r a t e d  on a n  a n n u a l  basis  by c o l l e c t i n g  and c h e m i c a l l y  
a n a l y z i n g  a d i p o s e  t issue spec imens  f o r  selected t o x i c  s u b s t a n c e s ,  
h i s t o r i c a l l y  o r g a n o c h l o r i n e  compounds and p o l y c h l o r i n a t e d  
b i p h e n y l s  ( P C B s ) .  The 20 compounds t h a t  have been  mon i to red  are 
l i s t e d  i n  T a b l e  1-1. 

TABLE 1-1 CmPOUNDS MONITORED IN TEE NATIONAL 

HWW ADIPOSE TISSUE SURVEP 

. .  A l d r i n  

i 
r 

D i e l d r i n  

E n d r i n  

H e p t a c h l o r 

H e p t a c h l o r  e p o x i d e  

PCBS 
Oxychlordane
Mirex 
t r ans -Nonach lo r  
Hex a c h l o  robenzene 
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The a d i p o s e  t i s s u e  spec imens  are obtained from 
s t a t i s t i c a l l y  selected sample of s u r g i c a l  p a t i e n t s  and a u t o p s i e  
c a d a v e r s .  Selected p a t h o l o g i s t s  and medical examine r s  co l lec t  tt 
t i s s u e  spec imens  o n  a c o n t i n u i n g  basis t h r o u g h o u t  t h e  f i s c a l  ye: 

a l o n g  w i t h  a l i m i t e d  amount of demographic ,  o c c u p a t i o n a l ,  ai 

medical i n f o r m a t i o n  on  t h e  i n d i v i d u a l .  
S t a t i s t i c a l  a n a l y s e s  are per iodical ly  conducted  o n  t t  

collected d a t a .  The  a n a l y s e s  p r o v i d e  upda ted  i n f o r m a t i c  
c o n c e r n i n g  b a s e l i n e  l e v e l s  of t h e  t o x i c  ' r e s i d u e s  i n  t h e  U.! 
p o p u l a t i o n  and  p r o v i d e  e v i d e n c e  of any  c h a n g e s  i n  t i m e  t r e n d :  
T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  most r e c e n t  s tatist ici  
a n a l y s i s  f o r  t h e  compounds: f3-BHC, HCB, and PCBs. The a n a l y s t  
were c o n d u c t e d  d u r i n g  t h e  summer of 1984 and i n c l u d e  nt 
i n f o r m a t i o n  on  residue l e v e l s  t h r o u g h  f i s ca l  y e a r  1983. 

1.2 Objectives and  Scope of t h e  Statist ical  Analysis 

The purpose of  t h e  NHATS program is t h e  d e t e c t i o n  ai 
q u a n t i f i c a t i o n  o f  t h e  p r e v a l e n c e s  of selected t o x i c  compounds 
t h e  g e n e r a l  p o p u l a t i o n .  The p r e s e n c e  o f  t o x i c  subs tances  i n  tl 
adipose t issue of  t h e  U . S .  p o p u l a t i o n  is a n  i n d i c a t i o n  of t h e  
p r e s e n c e  i n  t h e  env i ronmen t .  By s e l e c t i n g  and chemical 
a n a l y z i n g  t h e  t i s s u e s  of a r e p r e s e n t a t i v e  sample of i n d i v i d u a l  
i n f o r m a t i o n  is g a t h e r e d  c o n c e r n i n g  e x i s t i n g  t o x i c  r e s i d u e  l eve  
i n  t h e  U . S .  p o p u l a t i o n  and i t s  v a r i o u s  s u b p o p u l a t i o n s .  T 
s p e c i f i c  o b j e c t i v e s  of t h e  NHATS program are: 

I. To assess t h e  p r e v a l e n c e s  . o f - t o x i c  
s u b s t a n c e s  i n  t h e '  a d i p o s e  tissue of t h e  

1 U. S o  p o p u l a t i o n  

2. 	 TO e s t a b l i s h  b a s e l i n e  l e v e l s  for  t h e s e  
compounds i n  a d i p o s e  t i s s u e  

3 0  	 To measure  t i m e  t r e n d s  of  these concen­
t r a t i o n s ,  and 

4 ,  	 To assess t h e  e f f ec t s  of r e g u l a t o r y
a c t i o n s .  

O O O O I i  
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T h e s e  o b j e c t i v e s  are addressed by s t a t i s t i c a l l y  ana lyz ­
ing t h e  c o l l e c t e d  da t a .  The a n a l y s e s  i n c l u d e :  

I 0 

i 
0 

0 

E s t i m a t i o n  of pe ' rcentages  of  tfie .. 
p o p u l a t i o n  hav ing  detectable residue .-
l e v e l s  or  l e v e l s  e x c e e d i n g  s p e c i f i e d  -
values;  

E s t i m a t i o n  o f  a v e r a g e  residue l e v e l s  for 
t h e  e n t i r e  n a t i o n  and f o r  var ious  subpop­
u l a t i o n s  i n v o l v i n g  g e o g r a p h i c  ( c e n s u s
r e g i o n s )  and demographic  (age, s e x ,  and 
r a c e )  c a t e g o r i e s ;  

E s t i m a t i o n  of t r e n d s  t o  assess changes  
o v e r  time i n  v a r i o u s  p o p u l a t i o n  residue 
l e v e l  character is t ics  s u c h  as: 

- a v e r a g e  r e s i d u e  l e v e l  

- median l e v e l  

-	 p e r c e n t a g e  of p o p u l a t i o n  h a v i n g  detect­
able  r e s i d u e  l e v e l s  

-	 p e r c e n t a g e s  of t h e  p o p u l a t i o n  e x c e e d i n g
v a r i o u s  spec i f ied  l e v e l s  

R e g r e s s i o n  a n a l y s e s  t o  assess d i f f e r e n c e s  
i n  t h e  t r e n d s  a c r o s s  t h e  v a r i o u s .  
g e o g r a p h i c  and demographic  s u b p o p u l a t i o n s .  

The  s p e c i f i c  data  used  i n  t h e  a n a l y s e s  are d e s c r i b e d  i n  

t h e  n e x t  s e c t i o n  along w i t h  i n f o r m a t i o n  c o n c e r n i n g  t h e i r  collec­
t i o n  and p r e p a r a t i o n .  

i . .  
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2 .0  DATA COLLECTION AND PREPARATION 

2.1 Survey Design 

- <! 
8 .  The NHATS program uses a statistical based surve. 

t 

sampling design to obtain adipose tissue specimens from 
national sample of autopsied cadavers and surgical patients, Thc 
use of a statistical design provides for control of the possiblc 
estimation errors due to sampling only a portion of thc 
population of interest, The use of a statistical design allow 
the magnitudes of the sampling errors to be quantified and thu 
used to calculate bounds on the likely errors (standard errors 
associated with the population residue level estimates that arc 
made. 0 

The target population for this study corresponds to thc 
set of all non-institutionalized individuals in the conterminou 
U . S .  However, due to the invasive nature of collecting adiposc 
tissue samples, the sampling population is limited to cadaver 
and surgical patients. The sampling procedure used to addres 
this population is a complex multi-stage process. The 4 
conterminous states are stratified into the nine U , S ,  censu 
divisions (Refer to the U.S.  map given in Figure 2-1). Withi 
each census division, population centers (ie. SMSAs-s tandarc 
metropolitan statistical areas) are selected with probabilitie 
proportional to their respective populations. The number o 
SMSAs selected from each census division is determined by thc 
division's total SMSA population relative to the total SMS, 

population of the entire U . S .  w;ithin each selected SMSA one o 
more hospitals and/or associated pathologists/medical examiner 
are identified and asked to contribute tissue specimens accordin! 
to design specifications involving age, sex, and race, Th+ 
categories considered are: 

Age group (0-'14 years, 15-44 years, 4% years) 

e sex (male, female) 

e race (white, non-white). 000813 
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The design specifications are based on the corresponding age, se: 
and race U . S .  census population figures for the census divisiol 
to which the SMSA belongs. The actual specimens are otherwiseI 

f selected in a non-probabilistic manner according to the judgemeni-. 
-2of the pathologists/medical examiners involved. -. . 

7 
An overview of the sampling stages is presented i r  

Figure 2-2. The geographic stratificatidn used in the desigr
. -

ensures I representative sample from all regions of the country. 
Design specifications for the age, sex and race categoties ensure 

a 
the proper representation for each of these different subpop­

f ulations. A detailed description of the current survey design car 
be found in Mack et. al. ( 5 ) .  

Although the actual survey design uses census ddvisior 

as the stratification variable, geographical comparisons in the 

statistical analyses are based on census regions (See 

Figure 2-1). The use of census regions in the analysis reduces 

the number of subpopulation comparisons and reduces the degree­

of-freedom needed for model fitting. No additional technical 

problems are introduced and all results remain statisticallJ! 

valid. 


2.2 Available Data and Data Preparation 


2.2.1 Available Data 


The amount of data used in the statistical analyses 
varied for the three compounds of interest due to missing datr 
and various problems encountered .during the earlier years of the 
NHATS program. Table 2-1. summarizes the specific years anc 
numbers of specimens available for the analysis for eacf 

/

compound, 


The data for 1981 and 1983 correspond to only a portior 
of the specimens actually collected. For each .of these twc 

years, subsamples of specimens were selected and chemical11 


, 	 analyzed so that some information would be available as quick11 
as possible concerning existing residue levels. Each subsample 

088015 
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Stratify by
Geographical

RegionI 

I . .  
1 


1 

1 

l i n e  Census Divisions 

a.. 


-0 to Seven SWAs 
Within Each Regfon 

Approximately 40 
Hospitals i n  
Total Sumey 

-. 

Approximately 1 , 0 0 0  - 1,500 
Specimens i n  Annual Survey 

Select  Specimens
According to Design
Specifications Based 
On Age, Sex and Race 

Pigqre 2.2. o v e r v i e w  of the annlal select ion process-.­
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t / TABLE 2-1. SulcIMARp OF DATA USE0 IN THE 

ANALYSES FOR EACH COMPOUlUD 

F i s c a l  Year 

1970 
1 9 7 1  
1 9 7 2  
1 9 7 3  
1974 
1975  
1976  
1977  

- 1978 
1979 
1980 
1 9 8 1  
1982 
1 9 8 3  

/' 

6-BHC HCB
-

1403 

. 1587 
1993 1826 
1186 1183  
1025 1025 1025 

895 895 895 
778 777 779 
926 927 927 
948 947 951 
910 908 I910 

402 402 402-_ _­
200 200 200 

c o r r e s p o n d e d  t o  a r e p r e s e n t a t i v e  sample of t h e  e n t i r e  c o l l e c t i c  
o f  t h a t  y e a r ' s  spec imens .  A d d i t i o n a l  subsamples  are t o  k 
a n a l y z e d  as money and time p e r m i t .  The f i s c a l  y e a r  19E 
d a t a  i n c l u d e d  i n  t h i s  s t u d y  c o r r e s p o n d  t o  three  s e p a r a l  
subsamples  w h i l e  t h e  1983 d a t a  c o r r e s p o n d  t o  two subsample: 
S i n c e  t h e  sample  s i z e  a f f e c t s  t h e  s ize  of t h e  s t a n d a r d  errr 
a s s o c i a t e d  w i t h  a p o p u l a t i o n  estimate, estimates f o r  1981  ar 
1983 t e n d  t o  have  l a r g e r  e r r o r  bounds a s s o c i a t e d  w i t h  them. 

2.2-2 Data Preparation 

Due t o  t h e  na tu re  o f  t h e  chemical a n a l y s i s  p r o c e s :  
t h e r e  e x i s t s  a t h r e s h o l d  v a l u e .  below which t h e  c h e m i s t  canm 
a c c u r a t e l y  q u a n t i f y  t h e  r e s i d u e  l e v e l  o f  a t a r g e t  compound i n  
g i v e n  specimen. This t h r e s h o l d  is c a l l e d  t h e  l e v e l  1 

q u a n t i f i c a t i o n  (LOQ). B e l o w  t h e  LOQ t h e r e  e x i s t s  a n o t h f  
t h r e s h o l d  c a l l e d  t h e  l e v e l  of d e t e c t i o n  (LOD) below which t 
c h e m i s t  c a n n o t  e v e n  d e c l a r e  t h a t  t h e  p r e s e n c e  o f  t h e  compound 
d e t e c t e d .  Values below t h e  LOO are  r e c o r d e d  as " n o t  d e t e c t e d  



. 
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Measured v a l u e s  between t h e  LOD a n d  LOQ are called trace v a l u e s ,  
Trace v a l u e s  i n d i c a t e  t h e  t a r g e t  compound has been detected b u t  
a t  a l e v e l  below which  an a c c u r a t e  d e t e r m i n a t i o n  can be made of 
t h e  specific amount. See Table B.1 i n  Appendix B for approx ima te  
values of t h e  LOD and LOQ for each of t h e  compounds addressed i n  
t h i s  s t u d y .  

I n  t h e  s t a t i s t i ca l  a n a l y s e s ,  r e s i d u e  v a l u e s  reported as 
b e i n g  below t h e  LOD ( " n o t  detected") were se t  e q u a l  to zero. 
Trace v a l u e s  for a g i v e n  compound and f i s ca l  y e a r  were all se t  
equal to  t h e  minimum pos i t i ve  r e s i d u e  v a l u e ,  above t h e  LOD, 
reported for t h a t  y e a r .  

The r e s i d u e  data were also a d j u s t e d  for t h e  p e r c e n t  
l i p i d  c o n t e n t  of t h e  associated tissue specimen,  The 
a d j u s t m e n t  formula used  is as follows: 

Unad jus t ed  L e v e l  
A d j u s t e d  L e v e l  = 3 L i p i d  

S i n c e  t h e  chemicals addressed i n  t h e  report t e n d  to  be located 
only i n  t h e  l i p i d  p o r t i o n  of t h e  t i s s u e ,  t h e  a d j u s t m e n t  m a k e s  t h e  
o b s e r v e d  r e s i d u e  l e v e l s  m0r.e comparable across t i s s u e  samples 
h a v i n g  v a r y i n g  l e v e l s  of p e r c e n t  l i p i d  , The s t a t i s t i ca l  a n a l y s e s  
e x c l u d e d  any s p e c i m e n s  h a v i n g  less t h a n  1 0  percent l i p i d  c o n t e n t ,  
Such spec imens  do n o t  permit precise d e t e r m i n a t i o n s  to  be made of 
t h e  a c t u a l  res idue l e v e l ,  

I n  some of t h e  s t a t i s t i ca l  a n a l y s e s  t h e  data were 
t r a n s f o r m e d  by taking logarithms of the original data, In those 
cases where the  o r i g i n a l ' d a t a  v a l u e  was z e r o  (e.g., n o  a n a l y t e  -

was - detected), a small  p o s i t i v e  n d b e r  ( e , g . ,  ,0005 ppm), 
r e p r e s e n t i n g  a value between z e r o  and t h e  LOD, was s u b s t i t u t e d  
fot zero, Any r e s u l t i n g  bias is e x p e c t e d  t o  be n e g l i g i b l e  since 
there were r e l a t i v e l y  few such  cases. 

The data  for PCBs were h a n d l e d  somewhat d i f f e r e n t l y ,  
T h e  PCB l e v e l  for each spec imen was reported by t h e  chemical 
a n a l y s i s  labs o n l y  as b e l o n g i n g  to o n e  of four categories:

t 


I 

t .  
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? 

0 Not d e t e c t e d  (be low LOD) 

0 Detected b u t  less t h a n  1 ppm 

0 Between I and 3 ppm 

e Greater t h a n  3 ppm. 
L 

.. 
. .  

The PCB data  were c a t e g o r i z e d  d u e  t o  t h e  n a t u r e  of t h  
chemical a n a l y s i s  methods t h a t  made i t  d i f f i c u l t  t o  o b t a i n  a 

accurate d e t e r m i n a t i o n  of t h e  ac tua l  amount. 
Due t o  t h e  categorical  n a t u r e  of t h e  r e p o r t e d  PCB d a t a  

they were n o t  l i p i d  a d j u s t e d  (however ,  Lucas ( 3 )  h a s  shown t h a  
t h e  e f f e c t  of n o t  l i p i d  a d j u s t i n g  is i n c o n s e q u e n t i a l  f o r  PCBs) 
and t h e  s t a t i s t i c a l  a n a l y s e s  d i d  n o t  a d d r e s s  t h e  e s t i m a t i o n  a 
a v e r a g e  l e v e l s .  R a t h e r ,  est imates were -made of t h e  populat io  
p e r c e n t a g e s  b e l o n g i n g  t o  v a r  i o u s  r a n g e  l e v e l s  of i n t e r e s t .  

2.3 Sample Weights  

C a l c u l a t i o n  o f  u n b i a s e d  estimates of r e g i o n a l  a r  
n a t i o n a l  p o p u l a t i o n  residue l e v e l s  and t r e n d s  r e q u i r e  t h e  use c 
we igh ted  s t a t i s t i c a l  da ta .  I n d i v i d u a l s  from some demographi 
g r o u p s  r e p r e s e n t  smaller segmen t s  of t h e  U.S. p o p u l a t i o n  ar 
therefore  t h e  o b s e r v e d  r e s idue  l e v e l s  associated w i t h  t h e  
d e s e r v e  less w e i g h t  when e s t i m a t i n g  p o p u l a t i o n  r e s i d u e  l e v e l s  
A l though  d e s i g n  s p e c i f i c a t i o n s  a r e  g i v e n  r e g a r d i n g  t h e  number c 
spec imens  t o  be c o l l e c t e d  from each age, race, sex and c e n s i  
d i v i s i o n  category, t h e  "ATs program does n o t  produce  self 
w e i g h t i n g  samples f o r  s e v e r a l  r e a s o n s :  

The small sample s i z e s  f o r  each SMSA 
( a p p r o x i m a t e l y  27 s p e c i m e n s )  do n o t  p e r m i t
t h e  exact p r o p o r t i o n a t e  se lect ion of t h e  
appropriate  number of spec imens  from each 
age ? race? and  s e x  c a t e g o r y  and . 
g e o g r a p h i c a l  r e g i o n ;  and  

0 	 D i s c r e p a n c i e s  be tween t h e  a c t u a l  number of 
samples co l lec ted  and t h e  d e s i g n  specifi­
c a t i o n s  f o r  each c o l l e c t i o n  s i te . .  

1 000019 
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The  we igh t  a s s i g n e d  t o  each i n d i v i d u a l  specimen 
reflects t h e  number of i n d i v i d u a l s  i n  t h e  g e n e r a l  p o p u l a t i o n  
r e p r e s e n t e d  by t h a t  specimen. V a r i o u s  a d j u s t m e n t s  are performed 

1 so t h a t  t h e  s u m  of t h e  sample w e i g h t s  for a g i v e n  g e o g r a p h i c a l  
i r e g i o n  and demographic  c a t e g o r y  equals t h e  c o r r e s p o n d i n g  

I ’  
-

p o p u l a t i o n  c o u n t  according t o  t h e  U.S. Census.  The w e i g h t s  for 
1970 th rough  1972 are based o n  t h e  1960 C e n s u s ;  t h e  1973 t h rough  
1979 w e i g h t s  a re  based o n  t h e  1970 Census ;  and t h e  1981 and I983 

I 	 w e i g h t s  are based  on t h e  1980 Census.  The de t a i l s  of t h e  
methodology used t o  c o n s t r u c t  the  sample w e i g h t s  are g i v e n  in 
Appendix A of a r e p o r t  by Lucas @ t e a l .  ( 3 ) .  

2.4 L i m i t a t i o n s  of S t a t i s t i c a l  I n f e r e n c e  

The  sampl ing  p o p u l a t i o n  f o r  t h e  NHATS program i n c l u d e s  
only s u r g i c a l  p a t i e n t s  and a u t o p s i e d  c a d a v e r s .  S i n c e  t h e  sampled 
p o p u l a t i o n  is d i f f e r e n t  from t h e  t a r g e t  p o p u l a t i o n  ( i . e .?  t h e  
e n t i r e  U. S. ) ,  v a l i d i t y  of any  i n f e r e n c e s  r e q u i r e s  t h e  a s sumpt ion  
t h a t  t h e  p r e v a l e n c e s  a n d  l e v e l s  o f  t h e  t o x i c  s u b s t a n c e s  of 
i n t e re s t  are t h e  same i n  both p o p u l a t i o n s ,  

O t h e r  l i m i t a t i o n s  resu l t  from t h e  s u r v e y  design and i ts  
implemen ta t ion ,  S i n c e  p o p u l a t i o n  c e n t e r s  (SMSAs) form t h e  
sampl ing  f r ame ,  a r e a s  t h a t  are  r u r a l  i n  c h a r a c t e r  are e x c l u d e d  
from t h e  sample. A s i z a b l e  percent o f  t h e  U.S. p o p u l a t i o n  resides 
i n  these ru ra l  areas. The real  p e r c e n t a g e  of o m i s s i o n  is most 
l i k e l y  somewhat less,  however,  b e c a u s e  t h e  service areas of 
h o s p i t a l s  i n  t h e  SMSAs e x t e n d  i n t o  n e i g h b o r i n g  r u r a l  areas, 
N o n e t h e l e s s ,  t h e  u r b a n  n a t u r e  of  t h e  sample does r e s u l t  i n  some 
u n d e r c o w r a g e  of the r u r a l  p o p u l a t i o n ;.--

L i m i t a t i o n s  a l s o  r e s u l t  from t h e  p u r p o s e f u l  s e l e c t i o n  
of t h e  medica l  e x a m i n e r s  and p a t h o l o g i s t s  and the lack of 
p r o b a b i l i t y  sampling u i e d  by them i n  s e l e c t i n g  t i s s u e  s p e c i m e n s  
f o r  t h e  s t u d y .  The p u r p o s e f u l  s e l e c t i o n  methods may - r e s u l t  i n  
b i a s e s  i n  estimates d e r i v e d  from t h e  sample. However, t h e  biases 
are e x p e c t e d  t o  be m i n i m a l  f o r  s e v e r a l  r e a s o n s :  

f 
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Any r - m a i n i n g  
t h e  m a g n i t u d e s  
t h a t  have 	been 
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The  s e l e c t i o n  of  spec imens  are done on a 
pseudo-random basis w i t h o u t  r ega rd  . to  
any f a c t o r s  t h a t  a r e  l i k e l y  t o  be 
s y s t e m a t i c a l l y  r e l a t e d  t o  t o x i c  residue 
l e v e l s .  

The spec imens  are s c r e e n e d  so t h a t  t h e  
s e l e c t e d  ones i n v o l v e  o n l y  traumatic 
d e a t h s  and s p e c i f i c  d i s e a S e s  not 
e x p e c t e d  t o  i n f l u e n c e  t h e  t o x i c  residue 
l e v e l s  i n  t h e  body. 

T a r g e t  q u o t a s  con t ro l .  t h e  number of 
specimens collected w i t h  respect t o  some 
of t h e  most  impor t an t  f a c t o r s :  a g e ,  
race, and sex. F u r t h e r ,  d e v i a t i o n s  froin 
t a r g e t  q u o t a s  a r e  m i n i m i z e d  by t h e  u s e  
o f  w e i g h t s  a p p l i e d  t o  e a c h  specimen when 
making s t a t i s t i c a l  estimates. 

biases a r e  e x p e c t e d  t o  be n e g l i g i b l e  r e , a t i v e  
of  t h e  t r e n d s  and o t h e r  s u b p o p u l a t i o n  d i f f e r e n c  

obse rved ,  
c h e m i c a l  a n a l y s i s  t e c h n i q u e s  employed ove r  

y e a r s  i n  t h e  NHATS program is a n o t h e r  p o t e n t i a l  s o u r c e  for b i ,  
The a n a l y s i s  methods changed a t  t h e  end  of  1974, However, 
i n v e s t i g a t i o n  by Lucas e t . a l .  ( 3 )  of  t h e  p o s s i b l e  effects  of 
change  on  PCB t r e n d s  i n d i c a t e d  t h a t  t h e  e f f e c t s  a r e  incon .  
q u e  n t ia l  , 
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3.0 RESULTS OF TBE STATISTICAL ANALYSIS 

The o b j e c t i v e  of t h e  NHATS program is t h e  de tec t ion  and 
q u a n t i f i c a t i o n  of t h e  p r e v a l e n c e s  of selected t o x i c  chemicals i n  
t h e  U - S .  p o p u l a t i o n ,  To address t h i s  o b j e c t i v e  a s t a t i s t i c a l  
a n a l y s i s  was performed on t h e  c o l l e c t e d  d a t a - The ' a n a l y s i s  
i n c l u d e d  : 

e 	 E s t i m a t i o n  of p o p u l a t i o n  residue l e v e l s  
f o r  t h e  pu rpose  of e s t a b l i s h i n g  b a s e l i n e  
l e v e l s ;  

E s t i m a t i o n  o f  time trends t o  assess 
changes  i n  r e s i d u e  l e v e l s  o v e r  time; and 

0 	 Comparison of v a r i o u s  s u b p o p u l a t i o n s  t o  
i d e n t i f y  g e o g r a p h i c  and demographic  f a c t ­
o r s  a s s o c i a t e d  w i t h  d i f f e r e n c e s  i n  t h e  
t o x i c  r e s idue  l e v e l s .  

The results of these a n a l y s e s  for t h e  compounds 6-BHC, 
HCB and PCBs are desc r ibed  i n  t h e  f o l l o w i n g  sections, 

3.1 E s t i m a t e s  of Population Baseline Levels 

E s t i m a t i o n  of p o p u l a t i o n  b a s e l i n e  l e v e l s  i n v o l v e s  t h e  
c a l c u l a t i o n  of v a r i o u s  summary v a l u e s  t h a t  c h a r a c t e r i z e  
p a r t i c u l a r  aspects of t h e  d i s t r i b u t i o n  of r e s i d u e  l e v e l s .  The 

. .  f o l l o w i n g  p o p u l a t i o n  c h a r a c t e r i s t i c s  were estimated: . 

e Average i n d i v i d u a l  residue l e v e l  

Median ( 5 0 t h  p e r c e n t i 1 e ) j r e s i d u e  l e v e l  

o 	 P e r c e n t a g e  of i n d i v i d u a l s  hav ing  d e t e c t a ­
b l e  l e v e l s  o f  t he  t o x i c  compound 

P e r c e n t a g e  of i n d i v i d u a l s  hav ing  q u a n t i f  i­
able l e v e l s  

P e r c e n t a g e s  of i n d i v i d u a l s  h a v i n g  residue 
l e v e l s  e x c e e d i n g  . s p e c i f i c  v a l u e s  of 
i n t e re s t .  
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To p r o v i d e  s u p p o r t  c o n c e r n i n g  t h e  r e l i a b i l i t y  o f  the 

estimates t h e  f o l l o w i n g  a u x i l i a r y  i n f o r m a t i o n  is a l s o  g i v e n :I 
I 8 S t a n d a r d  e r r o r s  of t h e  estimates 

.- .* 

rr 

e Sample s i z e s  used  i n  t h e  c a l c u l a t i o n s  . 

0 	 S i z e  o f  t h e  p o p u l a t i o n  r e p r e s e n t e d .  by e a c h  
estimate. 

The  estimates were made b o t h  fo r  a s i n g l e  combir 
p o p u l a t i o n  r e p r e s e n t i n g  t h e  en t i re  n a t i o n ,  and  for  v a r i c  
s u b p o p u l a t i o n s  d e f i n e d  by age, s e x ,  race, and g e o g r a p h i c  reg] 
c a t e g o r i e s .  The  estimates were c a l c u l a t e d  i n  two d i f f e r e n t  was 
(1) u s i n g  combined da t a  fo r  all f i s c a l  years ;  and  ( 2 )  separate 
by f i s c a l  y e a r ,  

A computer  program cal led SESUDAAN ( 6 )  was used 
c a l c u l a t e  t h e  estimates. The t e c h n i q u e s  used by SESUDAAN WQ 

required because of t h e  complex s u r v e y  d e s i g n  u s e d  t o  collect  1 

sample spec imens .  The  r e s u l t s  fo r  t h e  t h r e e  compounds addrest 
I n  t h i s  r e p o r t  are presented i n  t h e  f o l l o w i n g  sections. 

3.1:1 P o p u l a t i o n  E s t i m a t e s  for B-BHC 

T a b l e  3.1-1 p r e s e n t s  estimated p o p u l a t i o n  resic 
l e v e l s  f o r  t h e  compound 6-BHC. E s t i m a t e s  are g i v e n  separately 1 . . 
each s u b p o p u l a t i o n  as  well- as f o r  t h e  e n t i r e  n a t i o n .  
estimates are based  o n  combined da ta  for a l l  f i s c a l  y e a r s  i 

r e p r e s e n t  b a s e l i n e  l e v e l s  for  t h e  p r e s e n c e  of B-BHC i n  t h e  U, 
p o p u l a t i o n .  For t h e  e n t i r e  n a t i d n  t h e  estimated l e v e l s  are:' 

8 Average i n d i v i d u a l  r e s i d u e  level--O.  27 ppm 

e Median residue .level--0,14 ppm 

000023 
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0 	 Percent of t h e  p o p u l a t i o n  having  detect­
able l e v e l s  of B-BHC--98.7 p e r c e n t  

0 	 Percent of t h e  p o p u l a t i o n  having
q u a n t i f i a b l e  l e v e l s  of B-BHC--92.8 

! 
perce n t . - .­

...i 
The b a s e l i n e  l e v e l s  v a r y  a c r o s s  t h e  d i f f e r e  

i 
g e o g r a p h i c  and demographic  groups .  A compar ison  of these subpa 
u l a t i o n s  indicate: 

0 AVERAGE 6-BHC LEVELS 

- Average l e v e l s  increase w i t h  age* 

-	 S o u t h  Census  Region has  a h i g h e r  
a v e r a g e  l e v e l  t h a n  t h e  Northeast  and 
N o r t h  C e n t r a l  r e g i o n s  

0 MEDIAN 6-BHC LEVELS 

- L e v e l s  increase w i t h  age  

-	 S o u t h  C e n s u s  Region h a s  a h i g h e r  median 
, l e v e l  t h a n  all t h e  other r e g i o n s  

0 DETECTABLE LEVELS OF 6-BHC 

-	 T h e r e  a re  no d i f f e r e n c e s  i n  subpop­
u l a t i o n s  w i t h  respect to  t h e  p e r c e n t a g e
of i n d i v i d u a l s  hav ing  detectable levels 
0 f 6-BHC 

0 QUANTIFIABLE LEVELS OF 6-BHC . 
- The "0-14 y r sn  a g e  g r o u p  h a s  a lower 

p e r c e n t a g e  of i n d i v i d u a l s  having 
q u a n t i f i a b l e  l e v e l s  of 6-BHC; no othert 
d i f f e r e n c e s  e x i s t  among s u b p o p u l a t i o n s  

*A  d i f f e r e n c e  i n  l e v e l s  was declared whenever i n d i v i d u a l  5 
c o n f i d e n c e  i n t e r v a l s  for t h e  t r u e  a v e r a g e  l e v e l s  fo r  t w o  or mc 
s u b p o p u l a t i o n s  were non-ove r l app ing .  

I

i 
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! 
Tables  A . l  - A . 1 2  in Appendix A p r e s e n t  t h e  b a s e l i n e  

I - estimates separately f o r  each f i s ca l  year. Comparison of t h e  
t 	 s u b p o p u l a t i o n s  separa te ly  for  e a c h  fiscal year i n d i c a t e s  t h e  same 

g e n e r a l  r a r u l t s  as o b t a i n e d  for  t h e  combined d a t a .  The i n c r e a s i n g  

t1 	 t r e n d  i n  6-BHC l e v e l s  w i t h  age g r o u p  t e n d s  t o  h o l d  for each y e a r .  
S imi la r ly ,  t h e  S o u t h  Census  Region c o n s i s t e n t l y  had muck h i g h e r

1 a v e r a g e  l e v e l s  t h a n  t h e  o t h e r s .  Al though t h e  d i f f e r e n c e s  are 
o f t e n  not  s t a t i s t i c a l l y  s i g n i f i c a n t  for a g i v e n  year (due t o  
smaller sample s i z e s ) ,  t h e  differences are mean ingfu l  s i n c e  they 
c o n s i s t e n t l y  occur over t h e  d i f f e r e n t  years. 

Tab les  A . 1 1  and A.12  f o r  fiscal pears 1 9 8 1  and 1983, 
r e s p e c t i v e l y ,  show t h a t  t h e  b a s e l i n e  l e v e l s  f o r  t h e  median 
residue amounts have  decreased r e l a t i v e  t o  e a r l i e r  y e a r s .  Table 
3.1-2 on t h e  n e x t  page  summarizes  t h e  differences,  

3.1.2 P o p u l a t i o n  E s t i m a t e s  for BCB 

Table 3.1-3 p r e s e n t s  t h e  b a s e l i n e  estimates f o r  HCB. 
The estimates are based o n  t h e  combined d a t a  f o r  a l l  f i s c a l  
years.  The est imated base l ine  l e v e l s  for t h e  n a t i o n  are as 
follows: 

0 	 Average i n d i v i d u a l  residue leve l - -0 .053  
PP* 

0 	 Median ( 5 0 t h  percent i le)  residue l e v e l - ­
0.037 ppm 

0 	 P e r c e n t a g e  of t h e  p o p u l a t i o n  hav ing
detectable levels of HCB--98.8 p e r c e n t  . 

a 	 P e r c e n t a g e  h a v i n g  q u a n t i f i a b l e  levels­
9 2 . 9  p e r c e n t .  

, I  

? '  000026 



I 18 

I TABLE 3.1-2 .  	 COMPARISON OF 6-BHC BASELIlOE MEDIAN LEVELS PO 
FOR 1981 AND 1983 AGAINST ALL YEARS COMBINED 

I 

1 Estimated Median Residue Level* 
Y .­

1 All Years 

I 
Subpopulation Combined 1981- 1983 

Age (in pears): 
0-14 
15-44 
45+ 

Sex : 
Male 
Female 

Race : 
White 
Non-Whi te 

Census Region:

No rtheast 

North Central 

South 

West 


Entire Nation 


08 

14 
.26 
-14 
.15 
. 1 4  
1.6 


.13 
12 
.21 
. 1 2  

.14 


e 05 .06 
e 08 .06 
e 18 .17 
e 08 08 
e 11 . 0 9  

e' 09 08 

* 12 .08 
.07 . 07  
* 09 .07 

1 4  13 
06 . 06  

.09 .08 


*parts per m.illion, adjusted fo r  lipid content of specimen 
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Comparison of  t h e  r e s i d u e  l e v e l s  a c r o s s  t h e  subpo] 
u l a t i o n s  i n d i c a t e s  t h e  f o l l o w i n g  r e s u l t s :  

I 

I 

I 

i 

I 


I 


0 AVERAGE HCB LEVELS 

- No a g e ,  s e x  o r  race d i f f e r e n c e s  exis&.­

-	 West Census  Region h a s  a h i g h e r  a v e r a g e
l e v e l  t h a n  t h e  Nor th  C e n t r a l  and South 
r e g i o n s  

0 MEDIAN RCB LEVELS 

-	 "0-14 yrs" age group h a s  a lower median 
l e v e l  t h a n  t h e  o l d e r  age g r o u p s ;  no 
o the r  a g e ,  s e x  or race d i f f e r e n c e s  
e x i s t  

-	 West Census  Region h a s  a s i g n i f i c a n t l y
h i g h e r  median  t h a n  a l l  t h e  . o the r  
r e g i o n s  

.* 

DETECTABLE LEVELS OF HCB 

-	 N o  d i f f e r e n c e s  e x i s t  among any
s u b p o p u l a t i o n s  

0 QUANTIFIABLE LEVELS OF HCB 

-	 The "0-14 y r s "  a g e  group h a s  
lower p e r c e n t a g e  t h a n  t h e  o l d e r  
no  o t h e r  a g e ,  s e x ,  race or  
r e g i o n  d i f f e r e n c e s  e x i s t .  

o f  t h e  

a much 
groups; 

c e n s u s  

T a b l e s  A . 1 3  t h r o u g h  A . 2 0  i n  Appendix- A - p r e s e n t  t 
b a s e l i n e  estimates s e p a r a t e l y  for e a c h  f i s ca l  year, 1: 
d i f f e r e n c e s  among s u b p o p u l a t i o n s  are g e n e r a l l y  n o t  s tatist ical  
s i g n i f i c a n t  and  n o t  always c o n s i s t e n t  i n  . t r e n d .  However, 
appears t h a t  some m e a n i n g f u l  d i f f e r e n c e s  do  e x i s t  s i n c e  c e r t e  
d i f f e r e n c e s  t e n d  t o  be p r e s e n t  f o r  many of t h e  y e a r s .  The We 
Region  h a s  much h i g h e r  HCB l e v e l s  t h a n  t h e  o t h e r s :  and t h e  " 0 ­
years" a g e  g r o u p  h a s  hower p e r c e n t a g e s  o f  i n d i v i d u a l s  havj 
q u a n t i f i a b l e  l e v e l s .  



-- 

-- 

-- 

21 . 
Table  3.1-4 p r e s e n t s  a compar ison  of median HCB l e v e l s  

for 1981 and 1983, r e s p e c t i v e l y ,  a g a i n s t  t h e  o v e r a l l  median 
c a l c u l a t e d  u s i n g  da t a  fo r  a l l  y e a r s  combined. The v a l u e s  *for 
1983  show a decline i n  BCB Z e v e l s  r e l a t i v e  t o  t h e  l e v e l s  
calculated for  a l l  y e a r s  and a l so  r e l a t i v e  t o  t h e  1981 l e v e l s  -alone. 

3.1.3 P o p u l a t i o n  Estiratcs for PCBs 

S i n c e  o n l y  c a t e g o r i c a l  da t a  are a v a i l a b l e  for PCBs, t h e  
s t a t i s t i c a l  a n a l y s e s  were d i r e c t e d  a t  e s t i m a t i n g  p o p u l a t i o n  
p e r c e n t a g e s  f a l l i n g  i n t o  v a r i o u s  residue range  l e v e l s .  Table 
3.1-5 p r e s e n t s  t h e s e  results f o r  t he  r ange  l e v e l s  o f  i n t e r e s t .  
The e s t i m a t e d  n a t i o n a l  baseline p e r c e n t a g e s  are as f o l l o w s :  

0 	 P e r c e n t a g e  o f  t h e  p o p u l a t i o n  hav ing
detectable  l e v e l s  of  PCRs 95.3 p e r c e n t  

0 P e r c e n t a g e  h a v i n g  l e v e l s  e x c e e d i n g  1 ppm 
28.9  p e r c e n t  

e P e r c e n t a g e  h a v i n g  l e v e l s  e x c e e d i n g  3 ppm
5.1 p e r c e n t  

Comparison of resu l t s  a c r o s s  s u b p o p u l a t i o n s  ind ica te  
t h e  fo l lowing : ,  

0 PERCENTAGE HAVING DETECTABLE LEVELS 

-	 The "0-14 y r s "  a g e  group has a smaller 
p e r c e n t a g e  hav ing  detectable l e v e l s  o f  
PCBs 

0 PERCENTAGE EXCEEDING 1 PpM 

-	 The "0-14 y r s "  a g e  g r o u p  has a smaller 
p e r c e n t a g e  o f  i n d i v i d u a l s  e x c e e d i n g  
1 Ppm 


-	 Males have  a h i g h e r  p e r c e n t a g e  
e x c e e d i n g  1 ppm t h a n  f e m a l e s  

000030 



. 

22 


i TABLE 3.1-4. 	 coMpmrsoN OF HCB MEDIAN LEVELS FOR 1981 
AND 1983 AGAINST ALL YEARS COMBINED 

f 

1 
d 

J 

1 

c 


S u b p o p u l a t i o n  

Age ( i n  y e a r s ) :
0-14 
15-44 
45+ 

Sex:  
Male 
Female 

Race : 
White 
Non-Whi te 

Census  Region:
N o r t h e a s t  
N o r t h  C e n t r a l  
S o u t h  
West 

E n t i r e  N a t i o n  

Es t imated  Median Res idue  Level+ 
.* .. 4­ -.

A l l  Years  

Combined 1 9 8 1  1983  


.030 - 0 3 3  .028 

.,039 
042 

.041 .050 
029 
-037 

. 0 3 9  .6 4 3  . 0 3 4  
035  040  028 

. 0 3 7  .041 - 0 3 1  

. 0 3 3  . 0 4 4  . 0 3 1  

. 0 3 6  036 . 0 3 1  

.033 - 0 4 0  032 

.030  038 .024  
0 6 3  0 5 9  . 0 4 4  

. 0 3 7  0 4 1  .0 3 1  
~ _ _ ~ _ _  

for l i p i d  c o n t e n t  of spec imen 
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8 PERCENTAGE EXCEEDING 3 PPM 

1 
i 


- The "0-14 yrs" age g r o u p  h a s  a smaller 
p e r c e n t a g e  of i n d i v i d u a l s  e x c e e d i n g  3 
PPm 

-	 The p e r c e n t a g e  o f  non-whites  exceedi;g. '­
3 ppm is g r e a t e r  t h a n  t h e  p e r c e n t a g e  of 
w h i t e s  

-	 Northeas t  Census  Region h a s  a g r e a t e r  
p e r c e n t a g e  of i n d i v i d u a l s  e x c e e d i n g  3 
ppm t h a n  a l l  t h e  o t h e r  r e g i o n s .  

Base l ine  d a t a  for t h e  i n d i v i d u a l  f i s ca l  years a r e  
presented i n  Tab le s  A.21 t h r o u g h  A.30. The t r e n d s  prev ious lq ;  
c i t ed  g e n e r a l l y  h o l d  f o r  t h e  i n d i v i d u a l  years as w e l l .  The 
p e r c e n t a g e s  o f  i n d i v i d u a l s  h a v i n g  PCB l e v e l s  e x c e e d i n g  1 ppm a r e  
c o n s i s t e n t l y  smaller f o r  t h e  "0-14 y e a r s "  a g e  group. MaleE 
cons i s t en t ly  had grea te r  percentages e x c e e d i n g  1 ppm t h a n  d i t  
females. The Northeast  Census  Region h i s t o r i c a l l y  had h ighe r  
p e r c e n t a g e s  e x c e e d i n g  b o t h  1 and 3 ppm; however,  i n  r e c e n t  y e a r s  
t h i s  d i f fe rence  h a s  disappeared. Non-whites had g r e a t e i  
p e r c e n t a g e s  e x c e e d i n g  3 ppm t h a n  d i d  w h i t e s .  

The b a s e l i n e  levels  g i v e n  i n  T a b l e  3.1-6 fo r  1981  anc 
1983  i n d i c a t e  a c o n s i d e r a b l e  d e c l i n e  i n  t h e  p e r c e n t a g e  of 
i n d i v i d u a l s  h a v i n g  PCB l e v e l s  g r e a t e r - t h a n  1 ppm. T h i s  
c o r r e s p o n d s  t o  a s imi l a r  d r o p  i n  t h e  p e r c e n t a g e  o f  PCB l e v e l s  
ex 'ceeding 3 ppm ci ted i n  a n  e a r l i e r  report  by Lucas e t . a l .  (31 
and confirmed i n  this report  by Tables  A.29 and  A.30. Note,  
however,  from T a b l e s  A.29 and  A.30 t h a t  t h e  p e r c e n t a g e  of samplec 
i n d i v i d u a l s  h a v i n g  d e t e c t a b l e  l e v e l s  of PCBs h a s  i n c r e a s e d  t o  10(  
p e r c e n t  for t h e  1 9 8 1  and  1 9 8 3  fisca-l years. 

t . 3.2 Time Trend Analyses 

The i n v e s t i g a t i o n  of t r e n d s  i n v o l v e s  t h e  es t imat ion o 
c h a n g e s  i n  r e s i d u e  l e v e l  d i s t r i b u t i o n s  o v e r  time. S p e c i f i c a l l :  
t h i s  i n v o l v e s  t h e  compar i son  o v e r  time of  residue d i s t r i b u t i o .  

I 



-- 

TABLE 3.1-6, COMPARISON OF FCB BASELINE LEVELS FOR 1981 
AND 1983 AGAINST ALL YEARS COMBINED 

Estimated Percent Greater than 1 .ppm 
.. 

~13.Years .. 
Subpopulation Combined 1981 1983 ­

t 
Age (in years ) :

0-14 
15-44 
45+ 

Sex: 
Male 

Female 


Race : 
White 
Non-Whi te 

Census Region:

Northeast 

North Central 

S o u t h  
West 


Entire Nation 


* . . 

f 
! 

12.3 12.1 3.1 
32.2 16.1 3.6 
39.3 23.7 9.9 

32.9 . 17.7 10.'9 
25. 1 17.4 0.3 


28.4 15.0 6.0 
32.4 31.5 1.9 

37.1 12.2 2.4 
26.5 18.9 10.2 
27.2 17.8 4.9 
24.8 21.3 3.5 

28.9 17.5 5 . 5  

. . , .  

- .  . 

000034 . 
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# 

t 

1 

c h a r a c t e r i s t i c s .  S i n c e  t h e  d i s t r i b u t i o n  of i n d i v i d u a l  r e s i d u e  
l e v e l s  is skewed,  i t  is u s e f u l  t o  a d d r e s s  a number o f  d i f f e r e n t  
d i s t r i b u t i o n  characterist ics t o  a d e q u a t e l y  describe t h e  c h a n g e s  
i n  r e s i d u e  l e v e l s .  

The p o p u l a t i o n  a v e r a g e  amount and median ( 5 0 t h-
percent i le)  are b o t h  measures of cen t ra l  tendency  t h a t  
c h a r a c t e r i z e  t h e  " t y p i c a l "  residue l e v e l .  The p e r c e n t a g e  Qf 
d e t e c t a b l e  l e v e l s  and p e r c e n t a g e  of q u a n t i f i a b l e  l e v e l s  
C h a r a c t e r i z e  t h e  p r e v a l e n c e s  of a t o x i c  compound w h i l e  t h e  upper 
percent i les  o f  a d i s t r i b u t i o n  c h a r a c t e r i z e  t h e  ex t r eme  v a l u e s .  

The e s t i m a t i o n  of time t r e n d s  and t h e i r  d i f f e r e n c e s  
a c r o s s  g e o g r a p h i c  and demographic  s u b p o p u l a t i o n s  are based on  t h e  
u s e  of a s t a t i s t i c a l  model. The model e x p r e s s e s  t h e  assumed forn 
of  t h e  r e l a t i o n s h i p  between t h e  res idue . l eve l ,  c h a r a c t e r i s t i c  
u n d e r  i n v e s t i g a t i o n  and t h e  t e m p o r a l ,  g e o g r a p h i c  and demographic 
f a c t o r s  of i n t e r e s t .  Detai ls  c o n c e r n i n g  t h e  v a r i o u s  forms of 
models  used i n  t h i s  s t u d y  a r e  g i v e n  i n  Appendix B. 

T h i s  r e p o r t  p r e s e n t s  estimates of n a t i o n a l  t r e n d s  for z 
v a r i e t y  of d i f f e r e n t  p o p u l a t i o n  charac te r i s t ics .  The n a t i o n a l  
t r e n d s  r e p r e s e n t  we igh ted  a v e r a g e s  o v e r  t h e  d i f f e r e n t  
s u b p o p u l a t i o n s  t o  g i v e  a s i n g l e  estimated t r e n d  for t h e  e n t i r e  

I,u. S. 

T h i s  r e p o r t  a l s o  p r e s e n t s  s e p a r a t e  t r e n d s  f o r  the 

i n d i v i d u a l  s u b p o p u l a t i o n s .  The s u b p o p u l a t i o n  t r e n d s  art 
presented only fo r  two p o p u l a t i o n  character is t ics  . c o n s i d e r e d  t c  

, 	be t h e  most i m p o r t a n t  and mean ingfu l :  p e r c e n t a g e  of i n d i v i d u a l :  
h a v i n g  d e t e c t a b l e  l e v e l s  and t h e  median l e v e l s .  For s ta t i s t ica :  
r e a s o n s  t h e  median was considered t o  be more a p p r o p r i a t e  t h a n  thc 
a v e r a g t  l e v e l .  The s k e w n e s s  o f '  t h e  r e s i d u e  d i s t r i b u t i o n  m a k e  
t h e  s t a t i s t i c a l  a n a l y s i s  more v a l i d  when based on a v e r a g e s  o 
l o g - t r a n s f o r m e d  d a t a ,  which t h e n  c o r r e s p o n d  t o  a n  analysis o 
medians  when t r a n s f o r m e d  back t o  t h e  o r i g i n a l  da t a  scale (ppm). 

The f o l l o w i n g  s e c t i o n s  p r e s e n t  a summary of the majo 
r e su l t s  f o r  each o f  t h e  t h ree  compounds of interest :  B-BHCr HCB 
and P C B s .  The e f f e c t s  of  t h e  f i s c a l  y e a r s  1981 and 1983 on t h  
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estimated t r e n d s  a r e  of  p a r t i c u l a r  i n t e r e s t  s ince  t h e  da ta  f o r  
these y e a r s  have been  updated  t o  i n c l u d e  a d d i t i o n a l  i n f o r m a t i o n  
since t h e  l a s t  s t a t i s t i c a l  a n a l y s i s  of t h e  NHATS data .  

J 3.2.1 T h e  Trend  Estimates for 6-BHC 

I P l o t s  of n a t i o n a l  t i m e  t r e n d  estimates fo r  B-BHC are 
g i v e n  i n  F igures  3.2-1 t h r o u g h  3.2-4 f o r  t h e  d i f f e r e n t  residue 
d i s t r i b u t i o n  characterist ics of i n t e r e s t .  The ,estimated t r e n d  
g i v e n  i n  each f i g u r e  is r e p r e s e n t e d  by t h e  dashed  line w h i l e  the 
s o l i d  l i n e s  r e p r e s e n t  95 p e r c e n t  confidence bands  for  t h e  t r e n d ,  
The i n d i v i d u a l  p lo t t ed  p o i n t s  co r re spond  t o  p o i n t  es t imates  
computed separately from t h e  d a t a  f o r  each f i s ca l  year. The 
p o i n t s  p r o v i d e  a compar ison  of how w e l l  t h e  estimated t r e n d  
descr ibes  t h e  a c t u a l  c h a n g e s  i n  l e v e l s  a c r o s s  t h e  f i s c a l  pears. 
The n a t i o n a l  

0 

e 


e 


t r e n d s  f o r  6-BHC i n d i c a t e  t h e  fo l lowing :  

The p e r c e n t a g e  o f  i n d i v i d u a l s  having
detectable l e v e l s  o f  6-BHC has  remained 
f a i r l y  c o n s t a n t  n e a r  100  p e r c e n t  

The p e r c e n t a g e  of i n d i v i d u a l s  hav ing
q u a n t i f i a b l e  l e v e l s  is decreas ing  

The  a v e r a g e  6-BHC l e v e l  is d e c l i n i n g  from 
a n  es t imated l e v e l  of 0.45  ppm i n  1970 t o  
a b o u t  0.16 s i n c e  1981 

The median  l e v e l  is' also e s t i m a t e d  t o  be 
decreas ing 

Summarizing t h e  r e s u l t s  fo r  t h e  n a t i o n a l  - t r e n d s ,  it 
appears that t h e  percentage of t h e  p o p u l a t i o n  hav ing  a t  least  a 
d e t e c t a b k  l e v e l  of &BHC is rema in ing  n e a r  100 - p e r c e n t .  
However, the a c t u a l  l e v e l s  of 8-BHC are d e c r e a s i n g .  F u r t h e r  
i n f o r m a t i o n  c o n c e r n i n g  t h e  e s t i m a t e d  model  c o e f f i c i e n t s  and  

. a s s o c i a t e d  s i g n i f i c a n c e  l eve ls  a re  given i n  Table 8.2  in Append-ix.~ 
B. 
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3 2  . 
I F i g u r e s  3 . 2 - 5  t h r o u g h  3.2-8 present  t h e  e s t i m a t e d  

t r e n d s  f o r  t h e  d i f f e r e n t  demographic  and g e o g r a p h i c  
s u b p o p u l a t i o n s  f o r  t h e  p e r c e n t a g e  of i n d i v i d u a l s  hav ingI 
detectable l e v e l s  of b-BHC. F i g u r e s  3 .2 -9  t h r o u g h  3.2-12 present

I t h e  t r e n d  estimates f o r  t h e  median l e v e l  of 6-BHC. T h e - p l o t t e d  

t r e n d s  c o r r e s p o n d  t o  predicted v a l u e s  g e n e r a t e d  from &a t i s t i ca l  

! models described i n  Table  8.8 .  For f u r t h e r  d e t a i l s  c o n c e r n i n g  how 
t h e  t r e n d  p l o t s  were g e n e r a t e d ,  see Appendix B. 

For t h e  p e r c e n t a g e  of i n d i v i d u a l s  hav ing  detectable  
l e v e l s  o f  6-BHC t h e  compar i son  of t r e n d s  across t h e  d i f f e r e n t  
s u b p o p u l a t i o n s  r e v e a l  t h e r e '  are no practical  d i f f e r e n c e s .  The  
o n l y  s t a t i s t i c a l  d i f f e r e n c e s  i n v o l v e  t h e  absolu te  leve ls  across 
t h e  age g r o u p s ;  t he re  a re  no s t a t i s t i c a l l y  s i g n i f i c a n t  t r e n d  
d i f  f e r e  nce s. 

A n a l y s i s  of t r e n d s  f o r  t h e  median  l e v e l  of f3-3HC 
i n d i c a t e  t h e  f o l l o w i n g  r e s u l t s :  

The time t r e n d s  a r e  s i g n i f i c a n t l y
d i f f e r e n t  a c r o s s  t h e  age groups. The 
med ians  a r e  d e c l i n i n g  f o r  a l l  t h r e e  a g e  
g r o u p s ,  however ,  t h e  y o u n g e s t  age g r o u p
h a s  d e c l i n e d  less s ince t h e  l e v e l s  were 

* a l r e a d y  lower  t h a n  t h e  o t h e r  o l d e r  g roups .  

0 	 There  is no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
time t r e n d s  or t h e  a b s o l u t e  l e v e l s  between 
t h e  two race g r o u p s  

e 	 There is no  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
t i m e  t r e n d s  between s e x e s  b u t  there  is a 
d i f f e r e n c e  i n  t h e  a b s o l u t e  l e v e l  between 
sexes (females t e n d  t o  have  s l i g h t l y
h i g h e r  l e v e l s  1 I 

0 	 T h e r e  are ho s i g n i f f c a n t  d i f f e r e n c e s  i n  
t i m e  t r e n d s  among t h e  f o u r  c e n s u s  r e g i o n s ;
however ,  there are d i f f e r e n c e s  i n  t h e  
a b s o l u t e  l e v e l s  among t h e  r e g i o n s .  The 
S o u t h  Region h a s  t h e  h i g h e s t  levels. 
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If 
3.2.2 Time Trend  Est imates  for  ECB 

1. P l o t s  o f  n a t i o n a l  estimates o f  t i m e  t r e n d s ,  95 p e r c e n t  

1 c o n f i d e n c e  bands ,  and i n d i v i d u a l  p o i n t  estimates for HCB are 
i g i v e n  i n  F i g u r e s  3.2-13 t h r o u g h  3.2-16 for  several  p o p u l a t i o n  

res idue c h a r a c t e r  ist ics . The r e s u l t s  i n d i c a t e  : (L 

0 	 The p e r c e n t a g e  of i n d i v i d u a l s  hav ing
detectable l e v e l s  of HCB h a s  remained near 
100 p e r c e n t  

0 	 T h e r e  is no s i g n f i c a n t  t r e n d  i n  t h e  
p e r c e n t a g e  o f  i n d i v i d u a l s  hav ing  q u a n t i ­
f i ab le  l e v e l s  

0 	 The t r e n d s  f o r  both t h e  a v e r a g e  and median 
l e v e l s  of HCB i n d i c a t e  a s t a t i s t i c a l l y
s i g n i f i c a n t  quadra t ic  t r e n d ;  however, t h e  
ac tua l  c h a n g e s  i n  l e v e l s  a re  m i n i m a l  w i t h  
t h e  e x c e p t i o n  o f  about a .01 ppm d r o p  i n  
1983. 

Summarizing t h e  n a t i o n a l  t r e n d s  f o r  HCB, t h e  p r e v a l e n c e  
of HCB i n  t h e  p o p u l a t i o n  is rema in ing  n e a r  100  p e r c e n t  and t h e  
ac tua l  l e v e l s  have remained r e l a t i v e l y  c o n s t a n t  w i t h  t h e  
e x c e p t i o n  of a d r o p  i n  1983. I n f o r m a t i o n  c o n c e r n i n g  t h e  es t imated 
model  coeff ic ients  and t h e  a s s o c i a t e d  s t a t i s t i c a l  s i g n i f i c a n c e  
l e v e l s  are g i v e n  i n  T a b l e  B . 3  i n  Appendix B. 

Figures  3.2-17 t h r o u g h  3.2-20 present t h e  e s t i m a t e d  
t i m e  t r e n d s  f o r  t h e  d i f f e r e n t  demographic  and g e o g r a p h i c  g r o u p s  
f o r  t h e  p e r c e n t a g e  of i n d i v i d u a l s  hav ing  d e t e c t a b l e  HCB l e v e l s .  
F i g u r e s  3.2-21 t h r o u g h  3.2-24 p r e s e n t  t h e  estimated - t r e n d s  for 

i
i 	

t h e  median l e v e l s .  The s t a t i s t i c a l  models  used  to estimate t h e  
trends p r e s e n t e d  i n  t h e s e  f i gu res  are descr ibed  i n  Tab-le B.9 i n  

1 . Appendix 8. 

The compar i son  of HCB t r e n d s  i n d i c a t e  t h e r e  are no 
s i g n i f i c a n t  d i f f e r e n c e s  among any  of t h e  s u b p o p u l a t i o n s  w i t h  
respect t o  t h e  p e r c e n t a g e  of i n d i v i d u a l s  hav ing  d e t e c t a b l e  l e v e l s  
of HCB. For t h e  median l e v e l s ,  compar ison  of t h e  s u b p o p u l a t i o n s  
i n d i c a t e s  t h e  f o l l o w i n g  results:  

t 
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0 	 The time t r e n d s  are d i f f e r e n t  a c r o s s  t h e  
age  g r o u p s ;  t h e  "0-14 y r s "  age  g roup
l e v e l s  have  remained f a i r l y  c o n s t a n t  w h i l e  
t h e  o the r  g r o u p s  ( p a r t i c u l a r l y  t h e  o l d e s t  
g r o u p )  had e l e v a t e d  l e v e l s  for s e v e r a l  
y e a r s  d u r i n g  t h e  l a t e  s e v e n t i e s  .. 

.. 
0 There  is no s i g n i f i c a n t  d i f f e r e n c e  i n  t i m e  

t r e n d s  of- absolute l e v e l s  between the.  two 
race g r o u p s  

0 	 T h e r e  is no s i g n i f i c a n t  d i f f e r e n c e  i n  time 
t r e n d s  between t h e  s e x e s ;  however, there  
is a difference i n  t h e  a b s o l u t e  l e v e l s  
(males have h i g h e r  l e v e l s )  

0 	 There are no s i g n i f i c a n t  d i f f e r e n c e s  i n  
t i m e  t r e n d s  across t h e  c e n s u s  r e g i o n s ;
however,  t he re  a re  d i f f e r e n c e s  i n  t h e  
a b s o l u t e  l e v e l s .  The West Region h a s  t h e  
h i g h e s t  l e v e l s .  

3.2.3 Time Trend  Estimates for PCBs 

S i n c e  t h e  d a t a  for PCBs i nd ica t e  o n l y  t h e  residue l e v e l  
r a n g e  t o  which  a t issue spec imen b e l o n g s ,  t h e  r e s u l t s  p r e s e n t e d  
here c o r r e s p o n d  t o  t h e  p o p u l a t i o n  p e r c e n t a g e s  of i n d i v . i d u a l s  
estimated t o  have  PCB l e v e l s  e x c e e d i n g  specific v a l u e s .  

An e a r l i e r  M A T S  r e p o r t  by L u c a s  e t , a l  ( 3 )  i n d i c a t e d  
t h a t  t h e  es t imated  p o p u l a t i o n  p e r c e n t a g e  of i n d i v i d u a l s  h a v i n g  
t o t a l  PCB l e v e l s  greater  t h a n  3 ppm had f a l l e n  t o  near z e r o .  
Figure 3.2-25 i n d i c a t e s  t h a t  a d d i t i o n a l  da ta  c o l l e c t e d  s i n c e  t h e n  
a l s o  c o n f i r m s  t h i s  f i n d i n g .  The e m p h a s i s  ' in  t h i s  s t u d y  t h e r e f o r e  
i n v o l v e d  t h e  estimation of t h e  p e r c e n t a g e  of i n d i v i d u a l s  h a v i n g  
X B  l e v e l s  greater  t h a n  I ppm. F i g u r e  3.2-26 p r e s e n t s  t h e  
e s t i m a t e d  t r e n d  for t h e  p e r c e n t a g e  'of PCB l e v e i s  e x c e e d i n g  I ppm. 
T h i s  i n d i c a t e s  a s i g n i f i c a n t  d e c r e a s i n g  t r e n d  from a h i g h  v a l u e  
ne8r SO p e r c e n t  i n  1972 t o  a TOW v a l u e  n e a r  9 - p e r c e n t  i n  1983. 

A l though  t h e  PCB amounts  are  d e c r e a s i n g ,  t h e  p e r c e n t a g e  
of i n d i v i d u a l s  h a v i n g  detectable l e v e l s  is i n c r e a s i n g  u p  t o  a 

1 9 8 3  va lue  n e a r  100  percent. F i g u r e  3.2-27 presents a p l o t  of t h e  

e s t i m a t e d  t i m e  t r e n d  f o r  t h e  p e r c e n t a g e  of  i n d i v i d u a l s  h a v i n g  
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I 
d e t e c t a b l e  PCB l e v e l s .  I n f o r m a t i o n  c o n c e r n i n g  t h e  es t imated t r e n d  
model  coe f f i c i en t s  and t h e i r  a s s o c i a t e d  s i g n i f i c a n c e  l e v e l s  is 
p r e s e n t e d  i n  Table  B , 4  i n  Appendix B. 

F i g u r e s  3.2-28 t h rough  3,2-31 p r e s e n t  t h e  estimated 
t r e n d s  for  " p e r c e n t  d e t e c t e d "  across t h e  d i f f e r e n t  dkmographic  
and  g e o g r a p h i c  s u b p o p u l a t i o n s .  These  compar i sons  i n d i c a t e  
s i g n i f i c a n t  t r e n d  d i f f e r e n c e s  o n l y  across t h e  a g e  groups. The ' 0 ­

1 4  years" g r o u p  has  g e n e r a l l y  had lower  l e v e l s  b u t  a greater 
i n c r e a s i n g  t r e n d .  

F i g u r e s  3.2-32 t h rough  3.2-35 p r e s e n t  t h e  estimated 
t r e n d  c o m p a r i s o n s  fo r  t h e  p e r c e n t a g e  o f  i n d i v i d u a l s  h a v i n g  PCB 
l e v e i s  g r e a t e r  t h a n  1 ppm. Comparison of t h e  s u b p o p u l a t i o n s  
i n d i c a t e  t h e  f o l l o w  i n g  re s u l  ts: 

0 

0 	 T h e r e  are  s i g n i f i c a n t  d i f fe rences  i n  time 
t r e n d s  a c r o s s  t h e  age  g r o u p s ;  t h e  t r e n d  
f o r  t h e  "0-14 y r s "  age g r o u p  l e v e l e d  o f f  
d u r i n g  t h e  l a t e  s e v e n t i e s .  The s h a r p
increase i n  t r e n d  i n d i c a t e d  i n  F i g u r e  3.2­
3 2  f o r  t h e  r e c e n t  years i s ' a n  a r t i f a c t  due  
t o  t h e  c u r v e  f i t t i n g  f o r  t h e  e a r l i e r  
y e a r s .  Such an i n c r e a s e  is  n o t  i n d i c a t e d  
i n  t h e  a c t u a l  d a t a  f o r  these y e a r s .  

. .  0 	 T h e r e  is no s i g n i f i c a n t  d i f f e r e n c e  i n  
t r e n d s  be tween t h e  race g roups :  however,  
there  is a d i f f e r e n c e  i n  abso lu te  l e v e l s  
[non-whi t e s  have h i g h e r  l e v e l s )  

T h e r e  i s  no  s i g n i f i c a n t  d i f f e r e n c e  i n  t i m e .  
t r e n d s  between t h e  sexes; however,  t he re  
is a d i f f e r e n c e  i n  a b s o l u t e  l e v e l s  (males
have  h i g h e r  l eve ls )  

T h e r e  are no s i g n i f i c a n t  d i f f e r e n c e s  i n  
t i m e  t r e n d s  across t h e  census r e g i o n s :
however ,  there are  d i f f e r e n c e s  i n  t h e  
a b s o l u t e  l e v e l s .  The N o r t h e a s t  Region h a sI t h e  h i g h e s t  l e v e l s .  

? 

j 

F i g u r e s  3.2-36 t h r o u g h  3 . 2 - 3 9  present t h e  compar i son  of  
t r e n d s  a c r o s s  t h e  var ious  demographic and g e o g r a p h i c  
s u b p o p u l a t i o n s  for t h e  p e r c e n t a g e  o f  i n d i v i d u a l s  hav ing  PCB 
l e v e l s  e 'xeeeding  3 ppm. The r e su l t s  i n d i c a t e  t h e  f o l l o w i n g :  

000067 
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0 	 T h e r e  a re  t r e n d  d i f f e r e n c e s  among t h e  age 
groups: t h e  l e v e l s  f o r  t h e  “0-14 y r s ”  
group have a lways  been low w h i l e  t h e  o t h e r  
groups had e l e v a t e d  l e v e l s  d u r i n g  t h e  
m i d d l e  and l a t e  s e v e n t i e s .  Fol lowing  t h e  
p a s s a g e  of r e g u l a t i o n s  l i m i  tins t h e  _ _
p r o d u c t i o n  of PCBs,  t h e  l e v e l s  have s i n c e - ‘  -
d e c l i n e d  so t h a t  all age groups now have 
very  f e w  i n d i v i d u a l s  w i t h  l e v e l s  exceed ing  
3 PPm. 

e 	 There is no t r e n d  d i f f e r e n c e  between 
w h i t e s  and nonwhites .  Howeverr non-whites 
have h i g h e r  absolute l e v e l s .  

T h e r e  is no t r e n d  d i f f e r e n c e  between males 
and females .  Bowever, males have h i g h e r
absolute l e v e l s .  

8 	 There  are t r e n d  d i f f e r e n c e s  among t h e  
d i f f e r e n t  c e n s u s  r e g i o n s ;  the Northeast  
C e n s u s  Region had a much l a r g e r  p e r c e n t a g e
of i n d i v i d u a l s  e x c e e d i n g  3 ppm i n  t h e  
m i d d l e  s e v e n t i e s .  Since t h e  PCB 
r e g u l a t i o n s  have been enacted, the l e v e l s  
have since d e c l i n e d  t o  t h e  point where 
v e r y  few i n d i v i d u a l s  have levels e x c e e d i n g  
3 PPm+ 
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APPENDIX B 

STATISTICAL APPROACH To TEE ESTIMATION 

OF POPULATIoiO TIME TRENDS 

, .  
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B. I STAT1STICAL MODELS 


b 

The a n a l y s i s  o f  t i m e  - t r e n d s  and t h e i r  d i f f e r e n c e s  
a c r o s s  s u b p o p u l a t i o n s  require t h e  use of s t a t i s t i c a l  models. The1­


model  for  any  g i v e n  c h a r a c t e r i s t i c  of t h e  resid& level 
d i s t r i b u t i o n  e x p r e s s e s  t h e  f u n c t i o n a l  form of t h e  r e l a t i o n s h i p  
between t h e  c h a r a c t e r i s t i c  o f  i n t e r e s t  and t h e  "predictor 
v a r i a b l e s "  t h o u g h t  t o  affect  it: time ( f i s c a l  y e a r ) ,  ager race,' 
s e x  and g e o g r a p h i c  region ( c e n s u s  r e g i o n ) .  The model  p r o v i d e s  t h e  
mathematical framework needed t o  i n v e s t i g a t e  and i n t e r p r e t  
observed r e l a t i o n s h i p s  i n  t h e  c o l l e c t e d  d a t a ,  The assumed model  
i n c l u d e s  unknown c o e f f i c i e n t s  ( p a r a m e t e r s )  whose v a l u e s  are 
estimated from t h e  o b s e r v e d  data  by u s i n g  l i n e a r  r e g r e s s i o n  
t e c h n i q u e s .  The r e s u l t s  o f  t h e  r e g r e s s i o n  a n a l y s i s  provide :  

(1) A mathematical  e q u a t i o n  t h a t  e x p r e s s e s
t h e  b e s t  r e l a t i o n s h i p  (o f  t h e  assumed 
model  form)  for p r e d i c t i n g  r e s i d u e  
l e v e l s  a s  a f u n c t i o n  of time and t h e
g e o g r a p h i c  and demographic  
c h a r a c t e r i s t i c s  associated w i t h  t h e  
g i v e n  s u b p o p u l a t i o n ,  

Est imates  of t h e  unknown c o e f f i c i e n t s  
and  t h e  m a g n i t u d e s  o f  t h e  possible 
e r r o r s  associated w i t h  t h e s e  c o e f f i c i e n t  
estimates. T h i s  i n f o r m a t i o n  is used  t o  
assess whe the r  or  n o t  a g i v e n  f a c t o r  
( e . g , ,  time, c e n s u s  ' r e g i o n )  h a s  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  i n f l u e n c e  on  
t h e  p o p u l a t i o n  r e s i d u e  l e v e l s  and 
i n d i c a t e s  t h e  p o s s i b l e  r a n g e  o f  its 
i n f l u e n c e .  

Due t o  t h e  m u l t i - s t a g e  sampl ing  d e s i g n  used  t o  
t h e  NHATS d a t a ,  t h e  r e g r e s s i o n  a n a l y s e s  . r e q u i r e d  
a d j u s t m e n t s  (e.9. implemented i n  the  computer program 
(1)) t o  a d d r e s s  t h e  c o r r e l a t i o n  s t r u c t u r e  i n h e r e n t  
c o l l e c t e d  d a t a .  T h i s  a l l o w e d  p r o p e r  estimates t o  be made 

-

collect  
special 
SURREGR 
in t h e  
for t h e  

s t a n d a r d  e r r o r s  of t h e  c o e f f i c i e n t s ,  t h u s  p r o v i d i n g  for v a l i d  
assessments t o  be made of  t h e  i n f l u e n c e  o f  e a c h  f a c t o r  o n  t h e  
o b s e r v e d  res idue  l e v e l s .  

000114 
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4 B - 2  APPROACH TV THE TIME TREND MODELflSG 
I 

b Two types of t r e n d  models were used i n  t h e  

-a . s t a t i s t i c a l  analyses, The f i r s t  type i nvo lved  the e s t i m a t i o n  of a 
* 	 s i n g l e  t i m e  t r e n d  t o  r e p r e s e n t  t h e  e n t i r e  n a t i o n  w i t h - r r s p e c t  t o  

t h e  p o p u l a t i o n  r e s i d u e  d i s t r i b u t i o n  c h a r a c t e r i s t i c  of i n t e r c s  t. 
The second t y p e  imo lved  t h e  i n v e s t i g a t i o n  of d i f f e r e n c e s  in  
t r e n d s  across  t h e  g e o g r a p h i c  and  demographic  s u b p o p u l a t i o n s .  In 
t h e  f o l l o w i n g  s e c t i o n s  t h e  a p p r o a c h  t o  model ing  is d i s c u s s e d  
s e p a r a t e l y  for e a c h  type, 

B . 2 . 1  N a t i o n a l  Tine T r e n d s  

Q 

For each compound a n a l y z e d ,  n s i t i o n a l  time t r e n d s  were 
estimated for s e v e r a l  d i f f e r e n t  c h a r a c t e r i s t i c s  of t h e  p o p u l a t i o n  
res idue  l e v e l  d i s t r i b u t i o n .  For 6-BHC and BCB’t h e s e  i nc luded :  

e 	 P e r c e n t a g e  of p o p u l a t i o n  hav ing  a detect­
ab le  l e v e l  of t h e  compound 

, ­

8 P e r c e n t a g e  of p o p u l a t i o n  have a q u a n t i f i ­
ab le  l e v e l  of t h e  compound 

e P o p u l a t i o n  a v e r a g e  residue amount 

e P o p u l a t i o n  median  

S i n c e  t h e  c o l l e c t e d  d a t a  f o r  PCBs were c a t e g o r i c a l  i n  
n a t u r e ,  d i f f e r e n t  c h a r a c t e r i s t i c s  were a d d r e s s e d  i n  t h e  PCB 
t r e n d s .  These were: 

P e r c e n t a g e  of t h e  p o p u l a t i o n  h a v i n g
d e t e c t a b l e  levels of PCBs 

0 	 P e r c e n t a g e  o f  t h e  p o p u l a t i o n  hav ing  PCB 
levels e x c e e d i n g  3. ppm, and 

P e r c e n t a g e  of t h e  p o p u l a t i o n  h a v i n g  PCB 
l e v e l s  e x c e e d i n g  3 ppm. 



i 
I 

B- 3 
. 
 -


The model used  f o r  each compound and p o p u l a t i o n  
cha rac t e r i s t i c  had t h e  form: 

r )  

a 
.­
..-

where: 

Y r e p r e s e n t s  t h e  o b s e r v e d  value of t h e  
residue l e v e l  c h a r a c t e r i s t i c  o f  i n t e r e s t  for 
a spec imen collected d u r i n g  t h e  g i v e n  f i sca l  
year (FW 
(ET-=) d e n o t e s  t h e  l i n e a r  par t  of t h e  time 
t r e n d  centered a t  t h e  m i d p o i n t  of t h e  s t u d y
p e r i o d  

( F Y - E ) 2  r e p r e s e n t s  t h e  q u a d r a t i c  pa r t  of t h e  
time t r e n d  centered a t  t h e  m i d p o i n t  of t h e  
s t u d y  p e r i o d  

Bo, B 1  and B2 are unknown c o e f f i c i e n t s  t h a t  
a r e  estimated from t h e  o b s e r v e d  data ,  and 

E d e n o t e s  t h e  t o t a l  c o n t r i b u t i o n  of a l l  o ther  
. - f a c t o r s  a f f e c t i n g  t h e  residue l e v e l  o t h e r  

t h a n  those i n c l u d e d  i n  t h e  model. 

The d e f i n i t i o n  of t h e  r e s p o n s e  v a r i a b l e  Y depends  o n  
t h e  popula t ion  c h a r a c t e r i s t i c  b e i n g  a d d r e s s e d .  The d e f i n i t i o n s  
for Y are  summarized h e r e .  

P o p u l a t i o n  Average Res idue  Amount: 

Y - t h e  s p e c i m e n s ' s  observed r e s i d u e  l eve l  

P o p u l a t i o n  Median: 

Y = 	Logar i thm (base 10) of t h e  observed 
residue l e v e l  

- .
Note-

The a n a l y s i s  f o r  t h e  median  was performed by e s t i m a t i n g 

t h e  average l eve l  fo r  t h e  d i s t r i b u t i o n  of logar-ithms ( b a s e 

10) of t h e  o r i g i n a l  d a t a  and  t h e n  t r a n s f o r m i n g  t h e  result  
i n t o  a n  estimate o f  t h e  median for t h e  o r i g i n a l
d i s t r i b u t i o n  (7). 

I 



3 - 4  

Population Percentage Raving Detectable Levels: 


0, if the observed residue level is 

below the level of detection for the 

analytical measurement process (See .-
Table B . l )  - .  .-

Y *  
1, if the observed value is above the 

level of detection 


Population Percentage having quantifiable levels: 


0, if the observed residue level is 
below the level of quantification for 
the analytical measurement process
(see Table 8.1)

Y =  

I, if the observed value is above the 

level of quantification 


TABLE B. 1. 	 APPROXIMATE &LS OF DETECTION AND LEVELS OF 
QUANTIFICATION FOR THE COMPOlJNDS 6-BHC, 
HCB, AND PCBS 

Definition of Yalue 6-BHC HCB PCBs 

Level of Detection" (ppm) . 0 2  . 0 0 3 3  I.0 

Level of Quantification*+ (ppm) .07  .Ol _­
* These values correspond to concentration levels that yield

signal-to-noise ratios of approximately three. This implies
that the probability of declaring detection of a chemical in a 
sample that has none is less than 1 percent, 

** These  values correspond to concentration levels that yield
signal-to-noise ratios of approximately ten. This implies
that the percent relative error in estimating concentrations 
at or greater than this value is 10 percent or less. 

Each of the models for the different characteristics 

and compounds was fit to the observed data using the computer 
software called SURREGR ( 1 ) .  The estimated values for the 
coefficients and their associated statistical significance levels 
are givef i  in Tables R . 2  through R . 4 .  ~ ~ 0 1 1 7  
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B . 2 . 2  I n v e s t i g a t i o n  of Time Trend Differences Across 
s u b p o p u l a t i o n s  

c 


4 

The i n v e s t i g a t i o n  of t i m e  t rend d i f f e r e n c e s  a c r o s s  
s u b p o p u l a t i o n s  was l i m i t e d  t o  two p o p u l a t i o n  characterist ics for- * ­

&3HC and RCB: 

0 	 P e r c e n t a g e  o f  t h e  p o p u l a t i o n  hav ing
d e t e c t a b l e  l e v e l s  of t h e  compoundl and 

0 P o p u l a t i o n  median. 

For PCBs t h r e e  character is t ics  were addressed: 

e 	 P e r c e n t a g e  of t h e  p o p u l a t i o n  hav ing
de tec tab le  l e v e l s  of PCBs 

0 

e 	 P e r c e n t a g e  of t h e  p o p u l a t i o n  having  PCB 
l e v e l s  e x c e e d i n g  1 ppm, and 

e 	 P e r c e n t a g e  of t h e  p c p u l a t i o n  having  PCB 
l e v e l s  e x c e e d i n g  3 ppm. 

A complex s t a t i s t i c a l  model was used for each compound 
t o  e x p r e s s  t h e  residue c h a r a c t e r i s t i c  as a f u n c t i o n  of time and 
t h e  s u b p o p u l a t i o n s  of i n t e r e s t .  The form of t h e  model is g i v e n  
by: (. 

Y = BO + B~(FY-=) + B Z ( F Y - E I *  + AGE + SEX + RACE + CR 

+ (FY-FY)~*(AGE+RACE+SEX+CR)r 

where: 

Y represents t h e  r e s i d u e  d i s t r i b u t i o n  c h a r ­
a c t e r i s t i c  of i n t e r e s t  

ACE, RACEr SEX and CR d e n o t e  t h e  m a i n  effects 
due t o  t h e  d i f f e r e n t  demographic  and 
g e o g r a p h i c  s u b p o p u l a t i o n s  

(fY-FY)+(AGE+RACE+SEx+CR) denotes  t h e  i n t e r ­
a c t i o n s  of t h e  l i n e a r  p a r t  of t h e  t i m e  t r e n d  
w i t h  t h e  d i f f e r e n t  s u b p o p u l a t i o n s ,  and 

000121 
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(FY-FY)2*(AGEtRACE+SEX+CR) d e n o t e s  t h e  i n t e r ­
a c t i o n s  of t h e  q u a d r a t i c  p a r t  of t h e  time 
t r e n d  w i t h  t h e  s u b p o p u l a t i o n s .  

The s ta t i s t ica l  s i g n i f i c a n c e  of a n  i n t e r a c t i o n  i n v o l v i n g  f iscal  
year i n d i c a t e s  t h a t  t h e  time t r e n d s  are d i f f e r e n t  *Zor the 
a s s o c i a t e d  s u b p o p u l a t i o n s .  S i g n i f i c a n c e  o f  a main  effect 
i n d i c a t e s  a d i f f e r e n c e  i n  absolu te  l e v e l s  a c r o s s  t h e  subpopula­
t i o n s  a s s o c i a t e d  w i t h  t h a t  main e f f e c t .  

The r e g r e s s i o n  t e c h n i q u e s  used i n  s t a t i s t i ca l  model 
f i t t i n g  r e q u i r e  t h e  a s s u m p t i o n  t h a t  t h e  d i s t r i b u t i o n  of specimen 
residue l e v e l s  i s  n o r m a l l y  d i s t r i b u t e d .  T h i s  a s sumpt ion ,  however, 
is moie c l o s e l y  s a t i s f i e d  f o r  t h e  l o g a r i t h m s  (base 1 0 )  of the 
residue l e v e l  da t a  since t h e  a c t u a l  residue d i s t r i b u t i o n  is 
skewed. For t h i s  r e a s o n  t h e  comparison of s u b p o p u l a t i o n  t r e n d s  
f o r  t h e  med ian  l e v e l s  of  8-BXC and HCB were based on  t h e  log-
t r a n s f o r m e d  d a t a .  The s t a t i s t i c a l  model ( E q u a t i o n  B.2) was used 
t o  obtain t r e n d  es t imates  based on t h e  l o g - t r a n s f o r m e d  data. 

T h e s e  t r e n d s  were t h e n  transformed back i n t o  t r e n d  estimates f o r  
t h e  med ian  of  t h e  d i s t r i b u t i o n  of  a c t u a l  r e s i d u e  l e v e l s .  

The  r e s u l t s  of f i t t i n g  t h e  o b s e r v e d  d a t a  t o  t h e  g i v e n  
model  a r e  p r e s e n t e d  i n  T a b l e s  B.5 t h r o u g h  8.7. These t a b l e s  
p r e s e n t  t h e  s i g n i f i c a n c e  l e v e l s  f o r  t h e  e f fec ts  of e a c h  model 
c o r r e s p o n d i n g  t o  t h e  d i f f e r e n t  compounds and r e s p o n s e  v a r i a b l e s .  

The time t r e n d  estimates and p l o t s  for t h e  v a r i o u s  
g e o g r a p h i c  and demographic s u b p o p u l a t i o n s  were g e n e r a t e d  by u s i n g  
p r e d i c t e d  values from a reduced  model de r ived  from E q u a t i o n  8.2, 
The r educed  model  i n c l u d e d  o n l y  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  
model effects i n  E q u a t i o n  B . Z  t h a t  were a s s o c i a t e d  u i t h  f i s c a l  
year and t h e  g e o g r a p h i c  or demographic  fac tor  b e i n g  compared i n  

. t h e  t r e n d  plot. For e a c h  r e s p o n s e  v a r i a b l e  and compound .the 
e s t i m a t e d  c o e f f i c i e n t s  f o r  t h e  reduced  models  are  p r e s e n t e d  in 
T a b l e s  B.8 - B . 1 0 .  -
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TABLE 8.5, 	 SIGNIPICAHCE LEVELS FOR THE MODEL EFFECTS 
ASSOCIATED W I T H  TEE COMPARISON OF B-BHC 
“ D S  ACROSS SUBPOPULATIONS 

S i g n i f i c a n c e  Ltvels 
Percent 
Detected Average Log*

Model Amount Model 

,OOl6 NT** 
- 4 5 5 1  0676 

. 2 0 8 4  0416  

Effect 

Age Group 

Race Group 

Sex  

C e n s u s  Region 

Fiscal  Year-Linear 

Fiscal  Year by Age Group
Interact  ion 

Fiscal Year by Race Group
Interaction 

2612 

NT* * * 

.lG?7 

- 2 3 4 1  

0 0000 

NT*** 

.0002 

.3626  

. 6 5 6 2  .Us23 

.3727 .3628 


NT*** NT*** 


.lo33 .oooo 

.2751 3398 

.9476 7526 

I 

. 3 8 8 0  ’ .8512 

f o r  t h e  median. 
t o  the significance of a 

Fiscal  Year by Sex Interact ion 

Fiscal  Year by Census Region
Interaction . 

Fiscal  Year-Quadrat i c  

Fiscal  Year-Quadratic by Age
droup In te rac t  ion 

Fiscal  Year Quadratic by Race 
Group Interact ion 

F isca l  Year Quadratic by Sex 
Interect ion 

Fisca l  Year Quadratic by C e n s u s  
Reg ion f n te  t ac t  i CI n 

* Used i n  the analysis of  trends
** The e f f e c t  is not tes table  due 

related interact ion e f f ec t .
*** Not tes table  dtie t o  the parameterization used to define the 

model. 
000123 
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TABLE 8 . 6 ,  SIGNIFICANCE LEVELS FOR THE MODEL EPPECTS 
ASSOCIATED W I T H  THE COMPARISON OF ECB TRENDS 

2 ACROSS SWPOPULATIOIOS 

.-
Significance Leveis-

Percent 
Effect 

Detected Average Lag*
Model Amount Model 

Age Group .0973 NT+* 

Race Group -1181 8135 

Sex .9108 0006 

C e n s u s  Region 0988 ,0000-
F i s c a l  Year-Linear m*** NT*** 

Fisca l  Year by Age Croup* Interaction .0806 .0010 
Fiscal  Year by Race Group

Interaction ,1132 .1058 

Fiscal Year by Sex Interaction .2360 - .5545  

Fiscal  Year by Census Region
In terac t  ion .2555 ,1250 

Fiscal  Year-Quadratic NT*** m*+* 

Fisca l  Year-Quadratic by .Age
Group Interact  ion ,3413 ,0264 -

Fisca l  Year Quadratic by Race 
Group In te rac t  ion 0918 ~ .68S4 

-. .  

Fisca l  Year Quadratic by Sex 
In te rac t  ion  ,5965 ,7347 

Fisca l  Year Quadratic by C e n s u s  
Region Interaction ,9113 a 5852 

re la ted interact ion e f fec t .
*** Not 

mode 1 
testable  due t o  t h e  parameterization used t o  d e f i n e  t h e  

- .  

J 000124 
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TABLE B.7 .  SIGNIFICANCE LEVELS FOR THE MODEL EPPECTS 
i ASSOCIATED W I T H  TBE COMPARISON OF FCB 

" D S  ACROSS SUBPOPULATIONS 

S ign i f i cance  ~ e v e i i  
i 

Percen t  Percent  CT Percent GT 
Detected 1 PPM 3 PPM 

E f f e c t  

Age Group 


Race Group 


Sex 


C e n s u s  Region 


Fiscal Year-Linear 


F i s c a l  Year by Age Group
I n t e r a c t  ion 

F i s c a l  Year by Race Group
Interaction 

Model Model Model 

NTf NT* 0000 

4140  0001 0010 

7548 0002 .0080 

.a013 0021 0029 

NT** NT** NT** 

. 0 3 4 6  .0018 .2220 

.1324 5278 -3324 


F i s c a l  Year by Sex I n t e r a c t i o n  . 5 8 0 6  2554 -5858 

F i s c a l  Year by C e n s u s  Region
I n te r ac  t ion .7610 3210 6052 

F i s c a l  Year-Quadra t ic NT** XT** NT** 
F i s c a l  Year-Quadrat ic  by Age

Group I n t e r a c t  ion  3023 0046 0003 

Fiscal  Year Q u a d r a t i c  by Race 
Group I n t e r a c t i o n  1884 -0730 1252.  

f i s c a l  Year Q u a d r a t i c  by Sex 
f n terac t ion  - 5 2 4 4  6472 -3227 

F i s c a l  Year Q u a d r a t i c  by C e n s u sReg ion  I n t e r a c t  ion 6265 .3521 OS37 

* The e f f e c t  of  is n o t  testable d u e  t o  t h e  s i g n i f i c a n c e  of  
a r e l a t e d  i n t e r a c t i o n  cffec t ,

** Not t e s t a b l e  due t o  t h e  p a r a m e t e r i z a t i o n  used to d e f i n e  
t h e  model.  

000125 
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The National Human Adipose Tissue Survey (NHATS) is an on-going annual progr
collect  and chemically analyze adipose t issue specimens from a representatjve na' 
sample of autops ied  cadavers and surgical patients. The objective o f  the pi
i s  t o  estimate baseline levels and time t r e n d s  for  the presence of toxic chei 
i n  the adipose t issue of the U.S. population. This report presents the resul 
a s t a t i s t i ca l  analysis conducted on three specific chemicals: Beta-benzene hexach 
( P B H C ) ,  hexachlorobenrene (HCB),  and polychlorinated biphenyls (PCfls). The rc 
are based on NHATS d a t a  collected between 1970 and 1983. 

The results include baseline estimates o f  the percentages of the population
detectable levels of these compounds i n  the i r  adipose t issue as well as est 
o f  the mean and median levels. Estimates are given separately for various demog 
groups and geographic regions of the country as well as  national estimates. 

Results o f  the analysis Indicate t h a t  nearly 100 percent of the population
detectable levels of these compounds i n  the i r  adipose t issue.  However, the 
levels of these compounds are e i ther  decreasing or remaining nearly constant. 


